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The role of hospital surfaces (including surfaces in food preparation areas) in the transmission of 
hospital-acquired infections (HAI) has been long recognized; however, evidence regarding this critical 
information is not well documented. This study was conducted at a typical district hospital in the Free 
State Province of South Africa. Using swabs, surface samples were collected from nine kitchen areas, 
quantified and identified using the MALDI-TOF MS and API. Fungal counts (1 x 10
3
 to 2.3 x 10
5
 cfu.cm
-2
) 
were higher compared to bacterial counts (1.5 x 10
3
 to 1.1 x 10
5
 cfu.cm
-2
). A total of 25 bacterial species 
and 14 fungal species were identified from hospital kitchen surfaces using the MALDI-TOF MS. Candida 
was the most common fungal genus identified represented by 11 species while Bacillus was the most 
common bacterial genus isolated represented by 7 species. The presence of species from the genera 
Acinetobacter, Enterobacter, Pseudomonas and Candida amongst others on kitchen surfaces could 
have serious consequences as they have been implicated in various studies as probable causes of 
hospital acquired infections. The study highlights the need to ensure proper cleaning of working 
surfaces in the kitchen as well as stringent surveillance and monitoring to ensure the minimal 
contamination of food products prepared for patients.  
 
Key words: Hospital-acquired infection, kitchen, MALDI Biotyper, surface swabs, food safety. 
 
 
INTRODUCTION 
 
Hospital surfaces, including those in food preparation 
areas, are some of the major contributing factors to the 
spread of food-borne illnesses and hospital-acquired 
infections [HAI] (Mead et al., 1999; Kir et al., 2006). In the 
United States of America, it has been reported that 48 
million food-related illnesses occurred annually, with 128 
000 people being admitted to hospital and 3000 deaths 
occurring (CDC, 2011). In addition, evidence indicates 
that this is a worldwide problem affecting both developed 
and developing countries (CDC, 2011). Spain, for exam-
ple, recorded the hospitalization of 4.8 million people in 
one year (Sala et al., 2005). In 2005, an outbreak in 
Spain caused by norovirus in a hospital cafeteria was 
reported to have originated from contaminated vegetable 
salads, sandwiches, cheese and cooked meat products 
prepared by food handlers (Sala et al., 2005).  
Food handlers play an important role especially in 
hospitals as they could be sources of contamination. 
They could also cross-contaminate food during its prepa-
ration and distribution within the hospital (Sala et al., 
2005). Contamination from food handlers usually results 
due to inadequately washed hands, improper food prepa-
ration techniques as well as incorrect cleaning proce-
dures of food preparation surfaces such as chopping 
boards and tables. Bacteria have been reported to 
survive on chopping-boards for more than three hours,
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especially when boards are not properly cleaned (Zhao et 
al., 1998; Salo et al., 2000), and their presence may also 
lead to the development of biofilms. 
Although contaminated surfaces can serve as possible 
reservoirs for pathogenic microorganisms, studies have 
suggested that surfaces are not directly associated with 
transmission of hospital- acquired food-borne infections 
to patients and the source of transmission from kitchen 
surfaces to patients is mainly via hand contact with the 
surface (Jarvis, 2007; Kampf and Kramer, 2004). More-
over, the Centers for Disease Control and Prevention 
(CDC) reports that approximately 20% of food-related 
illnesses is due to food handlers (Michaels et al., 2004). 
However, Favero and Bond (2001) suggest that structural 
defects could also be potential sources of food conta-
mination, increasing the levels of pathogenic microorga-
nisms in healthcare settings. The predominant mecha-
nism through which these structural defects spread and 
become harmful especially to immuno-compromised 
patients is when the dust from air starts settling on 
kitchen surfaces leading to food contamination (Favero et 
al., 2001).  
In addition, Salo and colleagues (2000) reported that 
wet items such as dishcloths, hand towels and sponges, 
as well as sink drain areas with leaking pipes might also 
serve as continuous reservoirs that harbor potentially 
harmful microorganisms, which may end up settling on 
kitchen surfaces (Zhao et al., 1998; Salo et al., 2000). 
Improper food hygiene practices and unclean surfaces 
have been associated with opportunistic pathogenic 
microorganisms such as Staphylococcus aureus (Andargie 
et al., 2008; Garcia, 2007). The presence of S. aureus is 
often perturbing due to the possibility of antibiotic 
resistant strains such as methicillin-resistant 
Staphylococcus aureus (MRSA) (McCaughey, 2007). 
Currently, information concerning microbial contamina-
tion of working surfaces and equipment in hospital food 
preparation areas, particularly in South Africa, is still 
lacking. Improperly cleaned surfaces along with deficient 
food handling practices have led to an increase in 
microbiological hazards in food preparation areas 
(Nkhebenyane, 2010). Kitchens are important contamina-
tion points for food and should be kept free from possible 
contaminants. In order to implement food safety systems, 
the abovementioned aspects need to be considered: this 
is what led to the formulation of the aims of this study: 
which were to determine the level and distribution of 
microbial contamination on kitchen surfaces in hospitals 
and to identify microorganisms.  
 
 
MATERIALS AND METHODS 
 
Sampling sites 
 
Surface samples were collected at a district hospital in the Free 
State  Province  of  South  Africa  from the selected hospital kitchen 
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surfaces, namely storage, basin, sink, cutter, meat cutter, cutter 
surface, food preparation area, meat preparation area, and water 
pipes. This was done twice over four rounds in duplicate, between 
the hours of 10:00 and 11:00 (during preparation of food) using 
sterile surface swabs. The samples were kept on ice during trans-
portation to the laboratory and analysed without delay on arrival. 
 
 
Microbial quantification 
 
Serial dilutions were carried out. Following this, 0.1ml of the diluents 
were transferred to Plate Count Agar (PCA) and Potato Dextrose 
Agar (PDA) for bacteria and fungi respectively. Plates were incubi-
ted aerobically for 48 to 72 h at 35°C for bacteria and 25°C for 
fungi. After the appropriate incubation period, the plates were exa-
mined for colonial growth, agar plates that contained between 30 – 
300 colonies were counted and results recorded manually 
(Weissmann, 2006).  
 
 
Microbial sample preparation for API  
 
For sample collection and preparation, the microorganisms to be 
identified were first isolated on a suitable culture medium according 
to standard microbiological techniques. After sample preparation, a 
single well-isolated colony was removed from an isolation plate and 
emulsified into the API Medium to achieve a homogeneous 
bacterial suspension of a 0.5 McFarland standard. The suspension 
was used immediately after preparation. For preparation of strips, 
an incubation box (tray and lid) was prepared and 5 ml (or 10 ml 
depending on the test used) of distilled water was distributed into 
the honeycombed wells of the tray to create a humid atmosphere. 
The strain reference was recorded on the elongated flap of the tray, 
following which; the strip was placed in the incubation box for 
inoculation. A sterile pipette was used to distribute the bacterial 
suspension into the tubes. For some tests, only the tubes and not 
the cupules were filled while others were overlaid with mineral oil to 
create anaerobiosis. To avoid the formation of bubbles, the tip of 
the pipette was placed against the side of the cupules. After 
inoculation of strips, the incubation box was immediately closed and 
incubated at 36°C ± 2°C for 18-24 h. The strips were read after the 
stipulated incubation period (24, 48 h and/or 72 h, depending on the 
microorganism and the type of reaction studied). For the interpret-
tation of results, a numerical profile was used and for identifying 
bacterial species, a database (V4.0) was performed with the analy-
tical profile index by looking up the numerical profile in the list of 
profiles or with the identification software by entering the 7-digit 
numerical profile manually via the keyboard (van Veen et al., 2010). 
 
 
Microbial sample preparation for MALDI Biotyper  
 
The MALDI Biotyper uses Matrix Assisted Laser Desorption/ 
Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) for 
microbial identification. The MALDI-TOF MS Microflex mass spec-
trometer (Bruker Daltonik, Bremen, Germany) FlexControl software 
(version 3.0) measures highly abundant proteins that are found in 
all microorganisms. The characteristic patterns of these highly 
abundant proteins are used to reliably and accurately identify a 
particular microorganism by matching the respective pattern with an 
extensive open database to determine the identity of the microorga-
nism down to the species level (Bruker). For identification of 
colonies using the MALDI-TOF MS; direct placing or placing on a 
steel target after extraction was performed according to the manu-
facturer’s instructions. Briefly, single colony from each plate was 
picked up using a sterile pipette tip and smeared as a thin film 
directly  on  a  MALDI steel target. Microorganisms that could not be 
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Figure 1. Total Viable Counts isolated from food preparations area using surface swabs (Storage (1), Basin (2), Sink (3), Cutter (4), Meat 
cutter (5), Cutter surface (6), Food preparation area (7), Meat preparation area (8), Water pipes (9)). 
 
 
 
identified directly by MALDI-TOF MS underwent extraction and 
were retested. Cells of a whole colony and pure colonies were 
transferred to a 1.5 ml tube (Eppendorf, Germany) mixed 
thoroughly in 300 µl of distilled water. Nine hundred micro liters 
(900 µl) of absolute ethanol were added, the mixture was 
centrifuged at 15,500 g for 2 min, and the supernatant was 
discarded. The pellet was air-dried at room temperature. 
Subsequently, 50 µl of formic acid (70% v/v) was added to the 
pellet and mixed thoroughly before the addition of 50 µl of 
acetonitrile. The mixture was centrifuged again at 15,500 g for 2 
min. One microliter of the supernatant was placed onto a spot of the 
steel target and air-dried at room temperature. Following this, 1 µl 
of matrix solution (20 mg/ml 3,5-dimethoxy-4-hydroxycinnamic acid 
in acetonitrile (ACN): purified water: trifluoroacetic acid (TFA) 
(50:50:0.1)) was used to overlay the smeared colonies on the steel 
target. The steel target was air-dried for 10 min and placed in the 
MALDI Biotyper for analysis. Measurements were performed using 
a Microflex mass spectrometer (Bruker Daltonik, Bremen, 
Germany) by means of a FlexControl software (version 3.0). 
Spectra were recorded in the positive linear mode (laser frequency, 
20 Hz; ion source 1voltage, 20 kV; ion source 2 voltage, 18.4 kV; 
lens voltage, 9.1 kV; mass range, 2,000 to 20,000 Da). For each 
spectrum 240 shots in 40-shot steps from different positions of the 
target spot (automatic mode) were collected and analyzed. All 
colonies reported were above 1.80 score value. Identification of 
unknown microbes found in the hospital was classified using 
modified score values proposed by the manufacturer: a score of ≥2 
indicated species identification; a score between 1.7 and 1.9 
indicated genus identification and a score of <1.7 indicated not 
reliable identification (Bizzini et al., 2010). 
RESULTS AND DISCUSSION 
 
Enumeration of bacterial colonies from swab 
samples 
 
Figure 1 depicts bacterial counts collected using swabs 
from the surfaces at various areas in the hospital kitchen. 
In general, counts ranged from 1.5 x 10
3
 to 1.1 x 10
5
 
cfu/cm
-2
. Counts obtained during the second (2 x 10
4
 to 
1.1 x 10
5 
cfu/cm
-2
), third (2 x 10
3 
to 1.1 x 10
5
 cfu/cm
-2
) and 
fourth round (1.7 x 10
3 
to 1.1 x 10
5
 cfu/cm
-2
) of sampling 
showed higher microbial counts when compared to the 
first sampling round (1.5 x 10
3
 to 8.9 x 10
4
 cfu/cm
-2
), 
however, the differences were not statistically significant 
(p= 0.9). The basin (5.5 x 10
4
 to 1.1 x 10
5
 cfu/cm
-2
), food 
preparation area (4 x 10
4
 to 1.1 x 10
5
 cfu/cm
-2
) and meat 
preparation area (2 x 10
4
 to 8 x 10
4
 cfu/cm
-2
) were 
commonly found to have higher bacterial counts when 
compared to other areas in the kitchen (8 x 10
2
 to 7.9 x 
10
4
 cfu/cm
-2
). These results are alarming when compared 
to recent microbiological standards (Orion Diagnostics, 
2010) and results of other studies such as those 
conducted by Nkhebenyane (2010), since microbial 
levels did not decrease after the first sampling visits and 
furthermore they serve as an indication that proper food, 
handling and preparation techniques are not practiced at
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Figure 2. Figures A-H indicating structural defects and unhygienic conditions in the kitchen. A-Cracked floor tiles; B – Peeling 
paint from basin. 
 
 
 
all times by food handlers. Lack of good hygiene prac-
tices by food handlers has been reported to influence 
microbial rates and could also place patients at risk of 
contracting food-borne illnesses, which may increase 
statistical rates of deaths (Askarian et al., 2004).  
Apart from food handlers, other possible sources that 
might influence microbial loads on kitchen surfaces of the 
hospital are structural defects (Pastuszka et al., 2005). 
During sampling rounds, floors, walls and ceilings were 
found not to be free from visible dust, soot, holes and 
cracks (Figure 2). The presence of structural defects in  
the hospital kitchen might be attributable to the age of the 
building (the hospital was built in1892). According to 
hospital management, little or no maintenance was done 
to most of the areas within the hospital, thus making it a 
potentially hazardous area for food preparation as well as 
for occupational hygiene aspects. The challenge with 
structural defects is that they may serve as harboring 
places for microbial proliferation and may be difficult to 
clean, thus also increasing possible cross-contamination 
and the formation of biofilms. 
 
 
Enumeration of fungal colonies from swab samples 
 
Fungi were also isolated in the food preparation areas of 
the hospital where counts ranged from 1 x 10
3
 to 2.3 x 
10
5
 cfu/cm
-2
. Results obtained during the first, second 
and third rounds of sampling showed low microbial 
counts compared to the fourth rounds which was contrary 
to bacterial counts, nevertheless, the observed differences
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Figure 3. Average culturable fungal microorganisms isolated from food preparations area using surface swabs (Sink (1),  Storage (2), 
Basin (3), Cutter (4), Meat cutter (5), Cutter surface (6), Food preparation area (7), Meat preparation area (8), Water pipes (9)). 
 
 
 
for fungi were not statistically significant (p = 0.1). In 
order to determine the exact relationships amongst 
various microbiota, Spearman’s correlation coefficient 
and F-Test (two-tailed probability) was used to construct 
a correlation matrix and significant differences. Microbial 
counts in kitchen surfaces showed a correlation coeffi-
cient between bacteria and fungi to be r
2
= -0.396 (first 
sampling rounds), r
2
= -0.387 (second sampling rounds), 
r
2
= 0.023 (third sampling rounds) and r
2
= 0.684 (fourth 
sampling rounds) respectively. The first and second 
sampling rounds in the food preparation areas showed a 
negative correlation. Whereas a positive correlation was 
observed for the third and fourth sampling rounds. 
The basin (6 x 10
3
 to 1.5 x 10
4
 cfu/cm
-2
), cutter (5 x 10
3
 
to 1 x 10
4
 cfu/cm
-2
) and water pipes (1.2 x 10
2
 to 1.4 x 10
4
 
cfu/cm
-2
) had the lowest microbial counts whereas the 
fourth rounds of the specified areas had the highest 
counts that ranged as follows: basin (1.6 x 10
5
 cfu/cm
-2
), 
cutter (2.8 x 10
4
 to 8 x 10
4
 cfu/cm
-2
) and water pipes (4.5 
x 10
4
 to 2.4 x 10
5
 cfu/cm
-2
).  
Increased microbial loads during the fourth sampling 
rounds might have been influenced by the unhygienic 
status of the kitchen during these sampling rounds 
(Figure 3).  
In comparison to other sampling rounds, working 
surfaces in the fourth sampling rounds were dirtier, water 
pipes were leaking on the floors and the kitchen sink had 
drainage problems. Fungal counts together with bacterial 
counts obtained in the present study were high (≤1.5 x 
10
5
 cfu/cm
-2
) when compared to microbial counts in other 
studies: ≤ 2 x 10
2 
cfu/cm
-2
 were recorded by Abu-Elteen 
et al. (2009) in healthcare settings; and ≤ 10 cfu/cm
-2
 
were recorded by Nkhebenyane (2010) in hospices. 
Nkhebenyane (2010) also reports that personnel, kitchen 
tables, utensils, dishcloths and sponges may serve as 
possible sources of possible contaminants especially in a 
health-care setting. 
 
 
Bacterial and fungal characterization 
 
The growth of unknown bacterial colonies from the kit-
chen surfaces were identified using API and the MALDI-
TOF MS. In general, using the MALDI-TOF MS more 
bacterial species (25 species) could be identified than 
when the API technique (7 species) was used (Tables 1 
and 2). Bacteria found on several kitchen surfaces 
example storage, basin, sink and water pipes were identi- 
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Table 1. Gram-positive bacterial characterization: food preparation surfaces. 
 
Origin 
Species identified 
using MALDI Biotyper 
Species identification 
(Gram (+) bacteria) 
using API 
Source Health effects Reference 
 Storage  Bacillus pumilus DSM 
1794 DSM 
Bacillus endophyticus 
DSM 13796T DSM 
Arthrobacter oxydans   
DSM 20119T DSM 
Bacillus pumilus Water, soil 
and air 
Central venous catheter 
infection 
Causes severe irritation 
to humans 
Eschbach et al., 
2003; Salzman and 
Rubin, 1995 
      
Basin  Bacillus megaterium 
DSM 32T DSM 
Bacillus sonorensis 
DSM 13779T DSM 
Bacillus megaterium  Soil Considered non-
pathogenic 
Food-borne illness 
Ryan  and Ray 
2004; Kotiranta et 
al., 2000 
      
Meat cutter   Kocuria varians DSM 
20033T DSM 
Kocuria rhizophila DSM 
11926T DSM 
Kocuria rhizophila DSM 
348 DSM 
Micrococcus spp. Soil, dust, 
water and air 
 
Brain abscess 
Fever, acute pancreatitis, 
blood stream infection 
Stackebrandt et al., 
1995; 
Breitkopf et al., 
2005; Madigan  
and Martinko 2005 
      
Cutter 
surface  
Arthrobacter 
nasiphocae DSM 
13988T DSM 
Kocuria rhizophila DSM 
46222 DSM 
Kocuria rhizophila DSM 
348 DSM 
 Soil, dust, 
water and air 
 
Causes severe irritation 
to humans 
Fever, acute pancreatitis, 
blood stream infection 
Stackebrandt et al., 
1995;  
 
Madigan  and 
Martinko 2005 
      
Sink Bacillus mojavensis 
DSM 9205T DSM 
Bacillus subtilis DSM 
5552 DSM 
Bacillus subtilis ssp 
subtilis DSM 5660 DSM 
Bacillus subtilis  Soil Food poisoning Ryan and Ray, 
2004 
 
      
Water pipes  Bacillus cereus DSM 
31T DSM 
Bacillus cereus Soil Food-borne illness 
causing severe nausea, 
vomiting and diarrhea 
Kotiranta et al., 
2000 
      
Meat 
preparation 
area  
Micrococcus 
caseolyticus DSM 
20597T DSM 
Staphylococcus aureus 
DSM 20609 DSM 
Micrococcus spp. Soil 
Exterior of a 
human ear 
and animals 
Has not been seen in 
human or animal 
infections Causes human 
skin infections. 
Madigan  and 
Martinko 2005 
 
 
 
 
fied as Bacillus (Table 1). Bacillus is a spore-forming, 
Gram-positive, facultative anaerobic bacterium commonly 
associated with food poisoning in humans (Madigan and 
Martinko, 2005). In kitchen areas of the hospital studied, 
paper towels were recognized as possible source of 
Bacillus because of the presence of paper towels that 
were mainly used for drying hands and sometimes 
covering food, and the use of possibly contaminated 
towels could lead to contamination of surfaces and food. 
Recent studies have implicated paper towels as possible 
sources of Bacillus (Gendron et al., 2012). 
The presence of Bacillus strains in food preparation 
areas is of concern as these bacteria produce toxins that 
cause food poisoning (Gendron et al., 2012). At one point
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Table 2. Gram-negative bacteria characterization: Food preparation surfaces. 
 
Origin 
 
Species identification 
(Gram (−) bacteria) 
using MALDI-TOF MS 
Species identification 
(Gram (−) bacteria) 
using API 
Source Health effects Reference 
Cutter   Enterobacter cloacae 
MB_8779_05 THL 
Enterobacter cloacae 
MB11506_1 CHB 
Enterobacter cloacae 
MB_5277_05 THL 
 Internal 
yellowing of 
Hawaii-grown 
papayas 
Urinary tract and respiratory 
tract infections 
Nishijima, 
1987;  
Fraser, 2008  
      
Water 
pipes  
Pseudomonas marginalis 
DSM 13124T HAM 
Pseudomonas koreensis 
2_2 TUB 
 
 Soil, water, 
tomato  
plants and 
animals 
Causes disrupted physical 
barriers to bacterial invasion 
(e.g. burn injuries, 
intravenous lines, urinary 
catheters, dialysis 
catheters), neutropenia, etc. 
Smith et al., 
1988 
      
Food 
preparat
ion area  
Acinetobacter baumannii 
B389 UFL 
Acinetobacter baumannii 
DSM30007T HAM 
Stenotrophomonas 
maltophilia DSM 50170T 
HAM 
Acinetobacter baumannii Soil and 
plants 
Causes  nosocomial 
pneumonia, skin and wound 
infections, bacteremia, and 
meningitis Cause of 
pneumonia, urinary tract 
infection, or blood stream 
infection 
Antunes et al., 
2011; 
Gerischer,  
2008; Berg et 
al., 1999; 
Waters et al, 
2007 
 
 
 
during observations, food handlers used paper towels to 
cover and wrap food which was a worrying practice as 
this could lead to food contamination by possibly 
contaminated towels.  
However, future studies will have to be conducted to 
determine if paper towels are the source of Bacillus at 
this hospital. Bacillus cereus one of the species identified 
in the current study has been shown to be more harmful 
to people with weakened immune systems, like children 
and the elderly, and for patients who take medications 
that suppress their immune function (Gendron et al., 
2012). Infection with the identified bacteria usually leads 
to symptoms such as diarrhea, vomiting, nausea, 
abdominal pains, etc., and additionally Bacillus cereus is 
also known to cause infections of the lungs, blood, eyes 
and nervous system (Klietmann and Ruoff, 2002; 
Gendron et al., 2012). 
Supported by the literature, results from this study 
indicate that the most commonly isolated bacteria in the 
kitchen area could be distributed by the use of paper 
towels coming into contact with food handlers either by 
washing hands, covering and wrapping food. Bacillus 
cereus has been reported in food-borne illness cases that 
were acquired in hospitals (Al-Abri et al., 2011). Based on 
the results in this study, urgent steps have to be taken to 
eliminate the presence of Bacillus from food preparation 
areas in this hospital. Other studies have shown that the 
transmission of B. cereus may also result from 
contaminated foods as well as from improper handling or 
storage and improper cooling of cooked foodstuffs since 
Bacillus spores are resistant to heat and can survive 
even recommended cooking temperatures (Klietmann 
and Ruoff, 2002).  
When samples were collected in the kitchen storage 
area, the genus positively identified using the MALDI-
TOF MS other than Bacillus was Arthrobacter. When the 
same colonies where subjected to analysis using the API 
technique, the technique generated inconclusive results 
(Table 1). Arthrobacter is a common genus of soil 
bacteria with all species being non-sporulating, Gram-
positive and obligate aerobes (Shen et al., 2009; Su et 
al., 2011).  
These bacteria usually grow at the surface of smeared 
ripened cheese and cause skin infections as well as 
urinary tract infections. Even though Arthrobacter species 
have been isolated a few times from patients with 
immuno-deficiencies, their health implications on patients 
are reported not as severe as other microbes because 
most of their strains do not appear to be pathogenic 
(Mounier et al., 2006; Jerke et al., 2008). 
On the kitchen meat cutter, cutter surface and meat 
preparation area, Kocuria a Gram-positive bacteria 
aerobic bacteria which are part of the human skin flora 
(Stackebrandt et al., 1995; Cocconcelli and Fontana 
2008; Tsai et al. 2010), was the most predominant genus 
identified when using the MALDI-TOF MS. When the API 
technique was used, the same colonies where identified 
as Micrococcus spp. (Table 1). Kocuria spp. were previously 
  
 
 
 
classified under the genus Micrococcus however, reclas-
sification based on phylogenetic and chemotaxonomic 
techniques have placed them in the genus Kocuria 
(Stackebrandt et al., 1995; Cocconcelli and Fontana, 
2008; Tsai et al. 2010).  
The current MALDI-TOF MS results obtained are in 
agreement with the results observed by Stackebrandt 
and co-workers (1995), an indication that the MALDI-TOF 
MS is a rapid sensitive technique for microbial identifica-
tion when compared to API.  One of the species identified 
in the current study was K. varians which is known to 
occur in meat; these species are mainly used as starter 
cultures in meat fermentations for the conversion of 
nitrate into nitrite and frequently added to develop a 
stronger red color of meats (Cocconcelli and Fontana 
2008). However, its presence on kitchen surfaces at hos-
pitals is worrying because K. varians is an opportunistic 
pathogen especially in those with compromised immune 
systems (Tsai et al., 2010).  
By means of the MALDI-TOF MS, Staphylococcus 
aureus and Micrococcus caseolyticus were identified on 
the kitchen meat preparation area (Table 1). When the 
API technique was used, a Micrococcus species could be 
identified from colonies isolated on this surface (Table 1). 
The presence of both bacterial species especially S. 
aureus found in the kitchen area highlights the need for 
providing food handlers with educational training in 
respect to proper hygiene practices since humans are 
possible sources of both bacteria. Improper food hygiene 
practices are worrying as S. aureus causes food poi-
soning with common severe symptoms such as head-
aches, muscle cramping, and transient changes in blood 
pressure and pulse rate (Madigan and Martinko, 2005; 
Crago et al., 2012). Furthermore, the presence of S. 
aureus in healthcare settings is a cause for concern due 
to the existence of antibiotic resistant strains that have 
been reported in other studies (Crago et al., 2012). On 
the kitchen food preparation area, Acinetobacter baumannii 
was identified using both identification techniques, this 
species originates from the soil (Table 2). Additionally, 
Stenotrophomonas maltophilia could be identified on this 
surface when using only the MALDI Biotyper (Table 2). 
Acinetobacter baumannii is mostly recognized as a major 
source of severe, life-threatening infections in compro-
mised patients in the health care settings (Charnot-
Katsikas et al., 2009). The survival of Acinetobacter 
baumannii in hospital environments is due to their 
reported ability to survive on various surfaces (both dry 
and moist). In previous studies, Acinetobacter strains 
were isolated from foodstuffs, medical equipment and 
healthy human skin. Moreover, Acinetobacter colonies 
were reported to be found on an everyday kitchen 
sponge also used in the hospital kitchen (Gerischer, 
2008; Antunes et al., 2011). The presence of this bac-
terium on the sponge could have serious implications in 
health care settings since Acinetobacter has been cha-
racterized as  a  life - threatening  bacterium  that  causes  
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meningitis, bacteremia, skin and wound infections to 
patients (Gerischer, 2008; Antunes et al., 2011).  
Gram negative bacteria isolated from the surface of the 
kitchen cutter and identified using the MALDI Biotyper 
included Enterobacter cloacae, when the API test was 
conducted on the same colonies inconclusive results 
were obtained (Table 2). Enterobacter cloacae are known 
as hospital acquired opportunistic pathogens found on 
human skin, fruits, vegetables and some dairy products 
(van Karin and Nelson, 2000; Fraser, 2008). The bac-
terium can also be contracted as a result of cross-con-
tamination, for example, bacterial transfer from one food 
item to another food item by means of unwashed cutting 
boards (example kitchen cutter) or even unwashed hands 
of food handlers. Several symptoms of Enterobacter 
infections include bacteremia, lower respiratory tract 
infections, skin infections, soft tissue infections, urinary 
tract infections, UTI, endocarditis, etc. (van Karin and 
Nelson, 2000; Fraser, 2008). Results from this study 
indicate that an unwashed kitchen cutter (Figure 2d) was 
used or food handlers did not practice proper food 
hygiene during food preparation.  
In the kitchen preparation area and water pipes, the 
bacteria most identified by means of the MALDI Biotyper 
were species from the genus Pseudomonas, with species 
P. koreensis and P. marginalis. The presence of 
Pseudomonas identified in the kitchen water pipes could 
be from splashes of contaminated water, since studies 
(Doring et al., 1996; Bendiak and Ratjen, 2009) have 
reported that Pseudomonas species form reservoirs of 
contamination in sink waste pipes which can be sources 
of nosocomial infection when splashes of contaminated 
water come into contact with human hands (Doring et al., 
1996; Bendiak and Ratjen, 2009). Food preparation 
areas play a significant role in the health of patients 
because health-acquired infectious diseases can be 
caused either by food handlers or from microbial surface 
contaminants.  
Results from the current study have indicated the vital 
role food preparation areas play in patient safety, and the 
study has shown that insufficiently cleaned surfaces and 
the presence of opportunist microorganisms can place 
patients at high risk of contracting a food-borne illness. 
More effort has to be put in by hospital management to 
control surface contamination: training for proper cleaning 
must be introduced and the levels of airborne conta-
minants which could settle on surfaces must be moni-
tored and reduced. 
Fungi were also present on kitchen surfaces at the 
studied hospital. The presence of fungi in the food prepa-
ration area is of concern since hospitals accommodate 
people with compromised immune systems who are 
particularly susceptible to diseases caused by fungi such 
as Candida albicans (Hidalgo, 2008). During the course 
of this study, the most common fungi identified using both 
identification techniques were Candida species (Table 3) 
except the kitchen food preparation area and kitchen
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Table 3. Fungal characterization: kitchen. 
 
Origin Species identification using 
MALDI-TOF MS 
Species identification 
using API 
Source Health effects Reference 
Storage   Candida krusei [anamorph] 
(Issatchenkia orientalis 
[teleomorph]) ATCC 14243 THL 
Candida kefyr [anamorph]  
(Kluyveromyces marxianus ssp. 
marxianus [ teleomorph ]) CBS 
834 CBS 
Candida spp. Plants and warm 
moist body areas. 
Isolated from cheese 
and dairy products. 
Clinically from nails 
and lung infections. 
Candidiasis yeast 
infection, vaginal 
yeast infections, 
thrush, skin and 
diaper rash, and 
nail bed infections. 
Diseases are 
diabetes, etc 
Kreger-Van 
Rij, 1984; 
Rippon, 
1988 
      
Basin   Aureobasidium pullulans 15346 
CBS 
Candida spp. DSM 1247 DSM 
Candida spp. Plant debris, soil, 
wood, textiles, and 
indoor air 
environment 
Causes 
pneumonia, 
keratomycosis, 
peritonitis,etc 
Pritchard 
and Muir, 
1987 
      
Meat cutter   Candida valida [anamorph] 
(Pichia 
membranifaciens[teleomorph]) 
10 LBK 
Candida krusei [anamorph] 
(Issatchenkia orientalis 
[teleomorph]) ATCC 14243 THL 
Candida lambica [anamorph] 
(Pichia fermentans ssp. 
fermentans [teleomorph]) CBS 
603 CBS 
Candida spp. Soil 
Cheese and dairy 
products. Clinically 
from nails and lung 
infections 
 
Candidiasis 
Candidiasis 
Bloodstream 
infections, etc  
Kreger-Van 
Rij, 1984; 
Rippon, 
1988 
      
Cutter   Candida utilis [anamorph] 
(Pichia jandinii [teleomorph]) 
DSM 2361 DSM 
Candida utilis [anamorph] 
(Pichia jandinii [teleomorph]) 
DSM 70167 DSM 
Candida spp. Wood, paper pulp, 
leaf litter and 
substrates that are 
rich in cellulose 
Causes fungemia, 
pancreatitis, fever 
and bleeding 
problems 
Alsina et al., 
1988 
      
Cutter 
surface  
Candida utilis [anamorph] 
(Pichia jandinii [teleomorph]) 
DSM 70167 DSM 
Candida spp. Wood, paper pulp, 
leaf litter and 
substrates that are 
rich in cellulose 
Causes fungemia, 
pancreatitis 
Alsina et al., 
1988 
      
Sink Candida kefyr [anamorph]  
(Kluyveromyces marxianus ssp. 
marxianus [ teleomorph ]) CBS 
834 CBS 
 Isolated from cheese 
and dairy products. 
Clinically from nails 
and lung infections 
Causes candidiasis Kreger-Van 
Rij, 1984; 
Rippon, 
1988 
      
Water pipes   Candida kefyr [anamorph]  
(Kluyveromyces marxianus ssp. 
marxianus [ teleomorph ]) CBS 
834 CBS 
 Isolated from cheese 
and dairy products. 
Causes candidiasis Kreger-Van 
Rij, 1984; 
Rippon, 
1988 
      
Food 
preparation 
area 
Aureobasidium pullulans 12235 
CBS 
 Plant debris, soil, 
wood, textiles, and 
indoor air 
environment 
Causes 
pneumonia, 
keratomycosis, etc. 
Chi et al., 
2009 
      
Meat 
preparation 
area  
Aureobasidium pullulans 12235 
CBS 
 Plant debris, soil, 
wood, textiles, and 
indoor air 
environment 
Causes 
pneumonia, 
keratomycosis,  
etc. 
Pritchard 
and  
Muir,1987 
 
Spp. – Species; Anamorph – the asexual reproductive stage of a fungus; Teleomorph – the sexual reproductive stage of a fungus. 
  
 
 
 
meat preparation area where Aureobasidium pullulans 
was isolated and identified using the MALDI Biotyper 
(Table 3).  
C. albicans is commensal in humans and forms part of 
the human gut flora. It has the ability to live in the envi-
ronment outside the human body as well as on inanimate 
objects such as on food, clothing, countertops, floors, and 
in air-conditioning vents by forming biofilms (Hidalgo, 
2008). Isolation of antifungal resistant strains such as C. 
krusei (Achkar and Fries, 2010) was one of the noted 
concerns in the current study. 
Aureobasidium pullulans is a yeast-like fungus found 
mostly in the soil, water, air and on limestone causing 
infectious diseases such as pneumonia, keratomycosis, 
pulmonary mycosis with sepsis eumycotic dermatitis and 
peritonitis to patients (Chi et al., 2009). From the results, 
it could be concluded that Candida species identified at 
the studied hospital kitchen may be transmitted through 
contaminated surfaces by food handlers. Other sources 
of contamination could be clothing, the floors and air-
conditioning vents.  
Therefore, air quality and proper hygiene practices are 
two areas that need constant monitoring and should not 
to be overlooked in order to prevent settling of micro-
organisms on food preparation surfaces in the hospital 
kitchen.  
 
 
CONCLUSIONS 
 
The findings of this study indicate that the MALDI-TOF 
MS can be used as a rapid and reliable method for the 
identification and characterization of surface microorga-
nisms when compared to the API technique. In other 
instances the MALDI-TOF MS produced results that were 
comparable with results obtained using molecular me-
thods as reported in other studies (Stackebrandt et al., 
1995). Even though known HAI associated microorga-
nisms were not isolated in the current study, the isolation 
and identification of other opportunistic pathogens from 
kitchen surfaces was a matter of concern.  
Furthermore, the current results indicate the possible 
role food preparation surfaces could play in the trans-
mission of health-care associated foodborne pathogens. 
On the kitchen meat preparation area, Staphylococcus 
aureus was identified and numerous studies strongly 
report that surface contamination plays a key role in the 
transmission of methicillin-resistant Staphylococcus aureus 
(Weber et al., 2010).  
Moreover, in the kitchen sink and kitchen food prepara-
tion area, Acinetobacter species were found. Recent evi-
dence suggests that again surface contamination could 
be the source of nosocomial transmission of Acinetobacter 
spp. since this pathogen has the ability to survive on both 
dry surfaces and in water (kitchen sinks) for prolonged 
periods of time (Gerischer, 2008; Weber et al., 2010; 
Antunes et al., 2011).  
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Observations made during sampling rounds also caused 
concern, since many kitchen surfaces were not adequately 
cleaned and paper towels that have been reported as 
possible sources of Bacillus were used to cover leftover 
food.  
Therefore, in order to reduce surface contamination, 
improved cleaning and disinfection of all kitchen surfaces 
is recommended in order to ensure proper food hygiene 
and safety.  
In addition, stringent surveillance and monitoring of the 
kitchen especially surfaces is also recommended to 
ensure the minimal contamination of food products pre-
pared for patients. Educational training of food handlers 
is proposed to limit possible health-care-associated food-
borne disease outbreaks. 
 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank Innovation Fund (CUT, 
FS) & Unit of Applied Food Science and Biotechnology 
and National Research Foundation (NRF) for financial 
support to carry out this study. Additionally, the authors 
would also like to thank the medical directors of the stu-
died hospital for their excellent support and cooperation. 
 
 
REFERENCES  
 
Abu-Alteen KH, Awadallah SM, Elkarmi AZ (2009). Antibiotic resistance 
of bacterial isolates from urine specimens in Amman. Jordan Med. J. 
34(2): 117-122.  
Achkar JM, Fries BC (2010). Candida infections of the genitourinary 
tract. Clin. Microbiol. Rev. 23(2): 253-273. 
Al-Abri SS, Al-Jardani AK, Al-Hosni MS, Kurup PJ, Al-Busaidi S, 
Beeching NJ (2011).A hospital-acquired outbreak of Bacillus cereus 
gastroenteritis, Oman J. Infect. Public Health. 4: 180-186. 
Alsina A, Mason M, Uphoff RA, Riggsby WS, Becker JM, Murphy D 
(1988). Catheter associated Candida utilis fungemia in a patient with 
acquired immunodeficiency syndrome: species verification with a 
molecular probe. J. Clin. Microbiol. 26(4): 621-624.  
Askarian M, Kabir G, Aminbaig M, Memish ZA, and Jafari P (2004). 
Knowledge, attitudes, and practices of food service staff regarding 
food hygiene in Shiraz, Iran J. Health Popul. Nutr. 25(1): 16-20. 
Andargie G, Kassu A, Moges F, Tiruneh M, Huruy K (2008). Prevalence 
of bacteria and intestinal parasites among food-handlers in Gondar 
town, northwest Ethiopia. J. Health Popul. Nutr. 26: 451-455. 
Antunes LC, Imperi F, Carattoli A, Visca P (2011). Deciphering the 
Multifactorial Nature of Acinetobacter baumannii Pathogenicity. PLoS 
One. 6(8): 22674.  
Bendiak GN, Ratjen F (2009). The approach to Pseudomonas 
aeruginosa in cystic fibrosis. Sem. Resp. Crit. Care. Med. 30(5): 587-
95. 
Berg G, Roskot N, Smalla K (1999). Genotypic and phenotypic 
relationships between clinical and environmental isolates of 
Stenotrophomas maltophilia. J. Clin. Microbiol. 37(11): 359-600. 
Bizzini A, Durussel C, Bille J, Greub G, Prod’hom G (2010). 
Performance of Matrix-Assisted Laser Desorption Ionisation-Time of 
flight Mass Spectrometry for identification of bacterial strains routinely 
isolated in a clinical microbiology laboratory. J. Clin. Microbiol. 48(5): 
1549-1554.  
Centers for Disease Control and Prevention (CDC) (2011). Food-borne 
infections. Available online at: www.cdc.gov/foodborneburden/2011-
foodborne-estimates.html. Accessed on 15 December 2012. 
Charnot-Katsikas A, Dorafshar AH, Aycock JK, David MZ, Weber SG, 
Frank   KM   (2009).  Two  cases  of  necrotizing  fasciitis  due  to  
 3008       Afr. J. Microbiol. Res. 
 
 
 
Acinetobacter baumannii. J. Clin. Microbiol. 47(1): 258-63.Afr. J. 
Microbiol. Res. 
Chi Z, Wang F, Chi Z, Yue L, Lui G, Zhang T (2009). Bioproducts from 
Aureobasidium pullulans, a biotechnologically important yeast. Appl. 
Microbiol. Biotechnol. 82: 793-804. 
Cocconcelli PS, Fontana C (2008). Characteristics and applications of 
microbial starters in meat fermentations. In: Todlrá F (ed) Meat 
Biotechnology, Springer, pp. 129-160. 
Crago B, Ferrato C, Drews SJ, Svenson LW, Tyrrell G, Louie M (2012). 
Prevalance of Staphylococcus aureus and methicillin-resistant S. 
aureus (MRSA) in food samples associated with foodborne illness in 
Alberta Canada from 2007 to 2010. Food Microbiol. 32: 202-205. 
Doring D, Jansen S, Noll H, Grupp H, Frank F, Brotzenhart K (1996). 
Distribution and transmission of Pseudomonas aeruginosa and 
Burkholderia cepacia in a hospital ward. Pediatr. Pulmonol. 21: 90-
100. 
Eschbach M, Mobitz H, Rompf A, Jahn D (2003). Members of the genus 
Arthrobacter grow anaerobically using nitrate ammonification and 
fermentative processes: anaerobic adaptation of aerobic bacteria 
abundant in soil. FEMS Microbiol. Lett. 223: 227-230.  
Favero MS, Bond WW (2001). Chemical disinfection of medical and 
surgical materials. In: Block S.S. (ed), Disinfection Sterilization and 
Preservation, pp. 881-917. 
Fraser SL (2008). Enterobacter Infections. eMedicine. 
http://www.emedicine.com/med/topic678.htm. Accessed on 04 April 
2013. 
Garcia LS (2007). Diagnostic Medical Parasitology. Washington: ASM 
Press.  
Gendron LM, Trudel L, Moineau S, Duchaine C (2012). Evaluation of 
bacterial conta-      minants found on unused paper towels and 
possible post contamination after hand washing: A pilot study. J. 
Infect. Control. 40: 5-9. 
Gerischer U. (ed) (2008). Acinetobacter Molecular Biology (1
st
 Edition). 
Caister Academic Press. Norfolk,UK. Available online at: 
http://www.horizonpress.com/acineto. Accessed 22 January 2013. 
Hidalgo JA (2008) Candidiasis. In: David H. Shepp, et al. (ed.) 
eMedicine. 14 July 2008.  Available online at: http:// 
www.mdguidelines.com/candidiasis. Accessed on 04 April 2013. 
Jarvis WR (2007). The inanimate environment. In: Bennett, J.V., 
Brachman,. PS (eds), Bennet and Brachman’s Hospital Infections, 
Wolters Kluver Health, pp. 275-301. 
Jerke K, Nakatsu CH, Beasley F, Konopka A (2008). Comparative 
analysis of eight Arthrobacter plasmids. Plasmid. 59: 73-85. 
Kampf G, Kramer A (2004). Epidemiologic background of hand hygiene 
and evaluation of the most important agents for scrubs and rubs. 
Clin. Microbiol. Rev. 17: 863-93. 
Kir T, Ucar M, Gocgeldi E, Kilic S, Azal O (2006). Evaluation of initial 
and examinations of food handlers in military facilities. Food Control. 
17(3): 165-170. 
Klietmann W, Ruoff K (2002). Bioterrorism: Implications for the Clinical 
Microbiologist. Am. Soc. Microbiol. 14(2): 364-381. 
Kotiranta A, Lounatmaa K, Haapasalo M (2000). Epidemiology and 
pathogenesis of Bacillus cereus infections. Microb. Infect. 2 (2): 189-
98. 
Kreger-Van Rij NJW (ed.) (1984). The Yeasts: a taxonomic study. 3
rd
 
Edition. Amsterdam, B.V. Madigan M, Martinko J. (eds) (2005). Brock 
Biology of Microorganisms (11
th 
Edition). Prentice Hall. Upper Saddle 
River, NJ, USA. 
McCaughey B (2007). Unnecessary Deaths: The Human and Financial 
Costs of Hospital Infections (PDF). Retrieved from the original on 11 
July 2007. 
http://web.archive.org/web/20070711030535/http://www.tufts.edu/med/a
pua/Patients/ridbooklet.pdf. Accessed on 04 April 2013. 
Mead P, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro C (1999). 
Food-related illness and death in the United States. Emerg. Infect. 
Diseases. 5(5): 607-625. 
Michaels B, Keller C, Blevins M, Paoli G, Ruthman T, Todd B (2004). 
Prevention of food worker transmission of foodborne pathogens: risk 
assessment and evaluation of effective hygiene intervention 
strategies. Food Serv. Tech. 4(1): 31-49. 
Mounier J, Goerges S, Gelsomino R, Vancanneyt M, Vandemeulebroecke 
 
 
 
 
K (2006). Sources of the adventitious microflora of a smear-ripened 
cheese. J. Appl. Microbiol. 101: 668-681.     
Nishijima KA, Couey HM, Alvarez AM (1987). Internal yellowing, a 
bacterial disease of papaya fruits caused by Enterobacter cloacae. 
Plant Dis. 71: 1029-1034. 
Nkhebenyane JS (2010). Microbial hazards associated with food 
preparation in central South African HIV/AIDS hospices.  M.Tech. 
dissertation. Central University of Technology, Free State, 
Bloemfontein. 
Orion Diagnostics (2010). A guide to Monitoring Surface Hygiene. 2010. 
Pori, Finland. Center for disease control. 
Pastuszka JS, Marchwinska-Wyrwal E, Wlazlo A (2005). Bacterial 
aerosol in Silesian hospital: preliminary results. Pol. J. Environ. 
Stud.14 (6): 883-890. 
Pritchard RC, Muir DB (1987). Black fungi: a survey of dematiaceous 
hyphomycetes from clinical specimens identified over a five year 
period in a reference laboratory. J. Clin. Pathol. 19: 281-4. 
Rippon JW (1988). Medical Mycology. 3
rd
 Edition. Philadelphia, USA: 
W.B. Saunders Co. Ryan KJ, Ray CG (eds) (2004). Sherris Medical 
Microbiology (4
th
 Edition). McGraw Hill.USA. 
Sala MR, Cardenosa N, Arias C, Llovet T, Recasens A, Dominguez A 
(2005). An outbreak of food poisoning due to a genogroup I 
norovirus. Epidemiol. Infect. 133: 187-191.   
Salo S, Lane A, Alanko T, Sjoberg AM, Wirtanen G (2000). Validation at 
the microbiological methods Hygicult dipslide, contact plate, and 
swabbing in surface hygiene control: A Nordic collaborative study. J. 
AOAC Int. 83: 1357-1365.  
Salzman MB, Rubin LG (1995). Intravenous catheter-related infections. 
Adv. Pediatr. Infect. Dis. 10: 337-68.  
Shen M, Zeng YG, Shen YC (2009). Isolation and characterization of a 
novel Arthrobacter nitroguajacolicus ZJUTB06-99, capable of 
converting acrylonitrile to acrylic acid. Process Biochem. 44: 781-785. 
Smith KJ, Neafie R, Yeager J, Skelton HG (1999). Micrococcus 
folliculitis in HIV-1 disease. Br. J. Dermatol. 141(3): 558-561. 
Smith IM, Dunez J, Lelliot RA, Phillips DH, Archer SA (1988). European 
Handbook of Plant Disease. Blackwell Scientific Publications, 
London. 583. 
Stackebrandt E, Koch C, Gvozdiak O, Schumann P (1995). Taxonomic 
dissection of the genus Micrococcus: Kocuria gen. nov., 
Nesterenkonia gen. nov., Kytococcus gen. nov. Dermacoccus gen. 
nov., and Micrococcus Cohn 1872 gen. emed. Int. J. Syst. Bacteriol. 
45(4): 682.  
Su X, Shen X, Ding L, Yokota A (2011). Study on the flocculability of the 
Arthrobacter sp., an actinomycete resuscitated from the VBNC state. 
World J. Microbiol. Biotechnol. 28(1): 91-7. 
Tsai C, Su S, Cheng Y, Chou Y, Tsai T, Lieu A (2010). Kocuria varians 
infection associated with brain abscess: A case report. BMC Infect. 
Disease. 10: 102. 
Waters V, Gómez M, Soong G, Amin S, Ernst R, Prince A (2007). 
Immunostimulatory properties of the emerging pathogen 
Stenotrophomonas maltophilia (Epubahead of print).   Infect. Immun. 
75(4): 1698. 
Weber DJ, Rutala WA, Miller MB, Huslage K and Sickbert-Bennett E 
(2010). Role of hospital surfaces in the transmission of emerging 
health-care associated pathogens: Norovirus, Clostridium difficile and 
Acinetobacter species. Am J Infect Control. 38: S25-33. 
Weissmann G (2006). Homeopathy: Holmes, Hogwarts, and the Prince 
of Wales. The FASEB J. 20(11): 1755-1758.  
van Karin D, Nelson EB (2000). Fatty Acid Competition as a Mechanism 
by which Enterobacter cloacae Suppresses Pythium ultimum 
Sporangium Germination and Damping-Off. Appl. Environ. Microbiol. 
66(12): 5340-5347. 
van Veen SQ, Claas ECJ, Kuijper J (2010). High-throughput 
identification of bacteria and yeast by Matrix-Assisted Laser 
Desorption Ionization-Time of Fight Mass Spectrometry in 
conventional medical microbiology laboratories. J. Clin. Microbiol. 
48(3): 900-907. 
Zhao P, Zhao T, Doyle PM, Rubino JR, Meng J (1998). Development of 
a model for evaluation of microbial cross-contamination in the 
kitchen. J. Food. Prot. 61: 960-963. 
